Preparations of protoplasm, nuclei and mitochondria were introduced into living Verticillium cells. Most of the hyphae of auxotrophs injected with protoplasm obtained from complementary auxotrophs survived micro-injection (80 yo). Of these, 21 % formed 'artificial ' heterokaryons from which both parental genotypes were recovered by conidial analysis. Reciprocal injections of protoplasm were made between auxotrophic strains with darkly-pigmented resting structures (Hyl+) and hyaline strains lacking resting structures (Hyl). Conidial analysis resulted in the recovery of all auxotrophic markers. The majority of phenotypes having darkly-pigmented resting structures were of the Hyl+ type (92 to 96 yo), but a few were partially or completely hyaline. Reciprocal injections between Hyl+ or Hyl+ 'sooty' (Sot) strains and Hyl or Hyl Sot+ strains (hyaline strains induced by ultravioletirradiation from Sot auxotrophs) revealed the cytoplasmic inheritance of the Hyl marker in contrast to the nuclear inheritance of the Sot marker. The survival of recipient cells injected with preparations of nuclei was 30 to 40% on complete medium but conidial analyses indicated that heterokaryons were not produced. The survival of hyphae injected with mitochondrial preparations was 40 to 45 yo, and these colonies showed considerable morphological instability which was overcome during 2 to 3 weeks incubation. Conidial analyses of Hyl recipients injected with Hyl+ mitochondrial preparations resulted in 13 to 21 yo darkly-pigmented variants. These results suggest that one or more factors controlling darkly-pigmented structures were present in the mitochondrial preparations from the Hyl+ donor cytoplasm.
Brandt & Roth (1965) . The wild-type isolates of these fungi form a dark pigment after 5 to 10 d, which is deposited in the walls of the resting structures (resting mycelium of V. albo-atrum and microsclerotia of V. dahliae). The inheritance of dark resting structures has been attributed to various mechanisms including heterokaryosis and the dual phenomenon (Hansen, 1938) , genetic recombination (Robinson et al., 1957) , the parasexual cycle (Hastie, 1964) , changes in ploidy levels (Tolmsoff, 1972 (Tolmsoff, , 1973 and, more recently, to cytoplasmic inheritance (Typas, 1976; Typas & Heale, 1976a , b, 1978 . The most convenient method for the detection of cytoplasmic determinants is the heterokaryon test devised by Jinks (1964) . In Verticillium, heterokaryons are formed by the fusion of hyphal tips or germ-tubes.
The important role played by cytoplasmic factors in the inheritance of darkly-pigmented resting structures was indicated by intensive heterokaryon analyses (Typas & Heale, 1976 b) .
We have now studied the transfer of protoplasm, viable nuclei and mitochondrial fractions from a darkly-pigmented donor to a hyaline recipient, and vice versa, in an attempt to investigate the genetics of these fungi.
M E T H O D S
Before micro-injection experiments could be undertaken, it was necessary to ensure that compatible protoplasm could be injected without harm to the recipient cell. Auxotrophic strains which were compatible when 'forced' to form heterokaryons on minimal medium (MM) were therefore used (Typas & Heale, 19766) .
Equipment. A modification of Wilson's technique (1961) was used. The microneedle was connected by vinyl tubing to a syringe (50 pl) controlled by a micrometer screw (Fig. 1) . The plastic slide oil-chamber of Holwill & McGregor (1974) was used. Observations were made using a Meopta D microscope mounted on a Research Instruments TVC 500 Bio-Medical micromanipulator, using x 45 or x 100 microscope objectives and a calibrated eye-piece micrometer.
Preparation of microtools. Microneedles were first pulled in a Nasishige (NE-2) vertical micro-electrodepulling machine and further extended and shaped in a de Fonbrune (MV) microforgc. The final diameter of a microneedle tip was between 0.5 and 1.0 pm. Tubes with an internal diameter larger than 2 pm were used as micropipettes. From a large number of microneedles produced, only those with a sharp tip like that of a hypodermic needle were used for micro-injections; the rest were used as scalpels and hooks. When micropipettes with large internal diameters were needed for collecting the mitochondrial preparations, the tips were broken off by pushing them against a solid surface.
Microchambers were individually sterilized on filter paper in glass Petri dishes. The chambers were covered with coverslips sterilized by autoclaving between layers of filter paper in a glass Petri dish.
Microcultures. Microcultures of the auxotrophic strains listed in Table 1 were prepared by the method of Wilson (1961) with minor modifications. Hanging-drop preparations of Verticillium hyphae were only useful when acting as the donor culture whereas agar films were equally useful as donor or recipient cultures. A hanging-drop was placed on the underside of a coverslip and mounted in a chamber, the size of the drop being controlled by means of a micropipette; by reducing the drop diameter, cells could be induced to adhere to the coverslip.
Agar films were prepared by covering one surface of sterile 24 x 30 mm no. 2 glass coverslips with a thin layer of MM supplemented with the necessary nutritional requirements of the auxotrophic mutants used. The coverslips were placed, film side up, in a sterile Petri dish containing sterile filter paper and were then inoculated with small agar blocks cut from the edge of actively growing mycelium on complete medium (CM; Typas & Heale, 1976b) . The inocula were placed upside-down on the agar films, and the filter paper was moistened with sterile water. The microcultures were incubated at 23 "C until hyphae had grown about 1 cm and then the agar block inocula were removed. The microcultures were kept at about 4 "C until used.
Such cultures were started 2 to 4 d before micro-injection. Inoculation of agar films with colonies started from mycelium instead of conidia ensured that growth consisted of relatively few, well-separated large hyphae as this was most suitable for the cutting and removal of sections.
Plasmolysing solutions were prepared using 10 ml samples of sterile sucrose solutions ranging from 10 to 25 yo (w/v * Phenotype definitions : Hyl+, wild-type phenotype producing normal amounts of darkly-pigmented resting structures ; Hyl, hyaline strains never producing dark pigment or resting structures, obtained from Hyl+ wild-type by ultraviolet-irradiation or acriflavine treatment; Hyl+ Sot, 'sooty' mutants of V. albo-atrum kindly provided by Dr A. C. Hastie, Dundee University, they are distinct from the wild-type in that their black pigmentation extends to the edge of the culture after only 4 to 5 d growth at 23 "C; Hyl Sot+, hyaline strains obtained from ' sooty' strains by ultraviolet-irradiation. on agar films have a small diameter (2 to 4 pm) compared with the 15 pm diameter hyphae of Neurospora.
The hyphae of Verticillium have septa at fairly regular intervals, and each septum has a pore in the centre through which the cytoplasm may flow. The donor microculture was inverted over a microchamber filled with silicone oil and anchored in place with sterile vaseline. The microneedle was filled with cytoplasm and nuclei by inserting the needle into several cells and removing their contents. The tip of the microneedle was kept immersed in silicone oil to prevent exposure to air. A sterile microchamber was filled with 10% sucrose solution and the microculture to be used as a recipient was inverted over the microchamber and anchored with vaseline. During the exchange of microchambers the tip of the microneedle was exposed to air, but the protoplasmic fluid was protected by the cap of silicone oil. Just before the microneedle was inserted into the recipient hypha, the oil ahead of the fluid was ejected. Injections of donor protoplasm into the recipient hyphae were made indirectly by piercing a cell next to the septum and making the injection through the septa1 pore leading in to the next cell. The micrometer syringe was turned slowly and the fluid for injection was expelled into the recieient cell. The injection was usually successful if the treated cell was sealed off by a plug with little or no leakage. The most suitable part of the hypha for injection was the region starting 1 to 2 cells from the tip and extending back for approximately 378 M. A. T Y P A S AND J. B. HEALE 30 to 40 cells. These cells formed plugs in approximately 50 to 60 s and this was important for their survival. The microneedle was not pulled away before a plug had been formed, and only small amounts (never more than one-tenth of the cell volume) of cytoplasm and nuclei were injected to prevent bursting of the recipient cell. A hyphal fragment of 3 to 4 cells, including the injected cell, was cut out by means of a micropipette or microscalpel and transferred with a micropipette to a marked area of a Petri plate containing CM. The uninjected cells in the fragment were previously destroyed by puncturing, and then filled with silicone oil to serve as markers. After 48 h incubation at 23 "C in the dark, thejnjected fragments were examined under the microscope and those growing were transferred to MM plates with a small CM agar block to initiate growth. After 2 to 4 weeks incubation, conidial analysis was carried out by plating spores on CM plates followed by replica plating on appropriately supplemented MM. Using the same technique, one series of cells was injected with a sterile 10% (w/v) sucrose solution and other cells were punctured but not injected; these were kept as controls. Because of the small size of the nuclei (about 1.0 pm diam.) and the low magnification used it was not possible to follow the injection of nuclei visually. Successful nuclear transfer could however, be inferred genetically by changes in the recipient genotype. The degree of sensitivity of cells of the same hypha to the insertion of a microneedle varied greatly. In preliminary experiments some cells died instantly by losing their protoplasmic contents, some died within 1 to 2min and others were unharmed although the microneedle was inserted and kept in the cell for 7 to 8 min. Only when the microneedle was inserted slowly into the cell did the protoplasmic membrane remain undamaged with a higher number of survivors being obtained.
Preparation of injection fluids
Isolation of protoplasm, cytoplasm and nuclei. Protoplasmic fluid was obtained by inserting a microneedle into several cells of the donor hyphae and removing their contents. It was almost immediately injected into the recipient cell and the micro-injection operations never exceeded 90 min duration using the same fluid.
Isolation of nuclei. Nuclear preparations were made from different auxotrophs as well as from wild-type strains (Table 1) by the method of Reich & Tsuda (1961). Strains were incubated in stationary CM liquid medium at 23 "C. After 7 to 10 d growth the mycelium was washed well with sterile distilled water and pressed between sheets of sterile filter paper until no further moisture could be removed. The resultant mycelial pellet was ground in a mortar at 4 "C with three times its weight of sterile washed sand until a homogeneous mass had been obtained. Three volumes of 0.35 M-mannitol were added and the paste was stirred until smooth. The resulting thick suspension was poured into a large funnel lined with three layers of cheesecloth and, after 40 min, an opaque orange fluid was recovered as filtrate which was almost completely free of mycelial fragments and sand. This homogenate was used for the isolation of both mitochondria and nuclei.
The crude homogenate was centrifuged at 500g for 5 min. Two layers were visible in the sedimented pellet: an outer white zone was discarded, and an opaque gelatinous central layer was resuspended in the supernatant and centrifuged again at 2000g for 7 min. This yielded a larger pellet whoseappearance resembled that obtained at 500g. The central and superficial portions were resuspended in 0.35 M-mannitol and combined with the pellet obtained from centrifuging the supernatant for a further 30 min at 5000g. The resulting suspension was examined by electron microscopy and found to be rich in nuclei, most of which could be sedimented in relatively pure form by centrifugation at 3200g for 7 min. The resulting pellet, resuspended in an equal volume of supernatant, served as the injection fluid.
The amount of nuclear suspension injected probably ensured that at least one nucleus of the donor strain was injected into the cells during each operation. If viable nuclei from a donor auxotroph were successfully injected into a complementary auxotrophic mutant, an 'artificial' heterokaryon would be formed which could then be detected by its growth on MM.
Isolation of mitochondria. Mitochondria1 preparations were obtained by isopycnic centrifugation in a continuous sucrose density gradient. A homogenate was prepared as described above, and then centrifuged at 500g for 10 min. One ml of the supernatant, free of nuclei and debris after the preliminary centrifugation and containing the equivalent of about 0.2 g wet wt of mycelium, was layered on a 4 ml continuous density gradient prepared according to the method of Luck (1963), using 0-58 and 1-9 M-sucrose in 1 mM-EDTA. Centrifugation was carried out for 4 h at 38000 rev. min-l in an MSE Superspeed centrifuge. After centrifugation, the gradients were kept at 5 "C until the highly dense mitochondrial bands became visible; the bands were collected using a sterile micropipette. The mitochondria1 preparations were kept at 4 "C and were used for micro-injections within 36 h. Micro-injec t ion in Ver t icilliurn 379
R E S U L T S
Micro-injection of protoplasm Protoplasmic fluid was injected into different recipient cells, and if the cells became sealed off with little or no leakage of cytoplasm or injected material, the injection was considered successful regardless of their subsequent growth. Prototrophic growth of the injected recipient on MM, and recovery of donor auxotrophic genotypes among the first conidial generation, indicated that viable nuclei had been transferred resulting in an ' artificial ' heterokaryon. Failure of the recipient cell to grow on MM could have been due to the transplantation of cytoplasm alone or of non-viable nuclei.
The strains in Table 1 were injected with protoplasm and the results are given in Table 2 . Some pairs of strains were reciprocally injected using Hyl+ (darkly-pigmented) and Hyl (completely hyaline) auxotrophs, e.g. a x d, d x a, c x f , f x c (Table 2) ; other combinations involved Hyl as recipients only, e.g. a x e , b x f , and a few involved Hyl protoplasmic injections into Hyl recipients, e.g. j x k , k x 1. From 165 successfully injected cells, 132 survived (80%) and showed some growth after 2 to 3 d incubation on CM plates. Of the 132 surviving recipients on CM, 28 grew on MM, indicating that viable donor nuclei were transferred in about 21 % of these injections. Three successfully injected recipients from each strain were used in control tests: for all strains, a total of 45 out of 48 survived puncturing alone ; similarly, 39 out of 48 survived injection with 10 yo sucrose. The survival after injection with protoplasm or 10 Yo sucrose solution was somewhat lower (80% and 75.4%, respectively) than that for punctured and uninjected cells (92.0%). The lag period before a distinct mycelial front was established in the heterokaryons was always greater than that in 'natural' forced heterokaryons (Typas & Heale, 19763) . Once established, most of the 'artificial ' heterokaryons grew more slowly than the 'natural' heterokaryons, but a few grew at the same rate. Sporulation after 6 weeks incubation was sparse; colonies from Hyl+/Hyl+ or Hyl+/Hyl heterokaryons yielded 3 x lo5 to 7 x lo5 conidia per plate whereas the 'natural' heterokaryons produced at least 10 times greater yields of conidia. As in 'natural' heterokaryons, the Hyl/Hyl combinations always produced 10 to 70 times fewer conidia than the corresponding Hyl+/Hyl+ darkly-pigmented heterokaryons. ' Artificial ' heterokaryons which were formed by the injection of Hyl+ into Hyl recipients or vice versa usually showed wild-type or near wild-type characteristics with reduced amounts of dark pigmentation, similar to that of partially hyaline mutants. ' Artificial ' heterokaryons between different combinations of Hyl auxotrophs never produced dark pigmentation (Table 3) .
Conidial analysis of the first generation of spores formed by the 28 heterokaryotic cultures (Table 2 ) was carried out after 5 to 6 weeks incubation, and the genotypes and phenotypes of the resultant colonies were determined ( Table 4 ). In all strains both of the auxotrophic markers of the parental types were recovered as expected for segregating nuclear markers in heterokaryons (varying from 1 : 1 to 1 : 8 ratios). But pigment formation varied greatly, with most of the colonies producing some dark pigmentation. Subculturing of these heterokaryotic colonies on CM and examination of the next two spore generations revealed no major changes in morphology or pigmentation.
Conidial analysis of ' artificial ' heterokaryons between Hyl+ Sot (darkly-pigmented, 'sooty' strains) and Hyl Sot+ (completely hyaline strains derived from ' sooty' strains by ultraviolet-irradiation) auxotrophs resulted mainly in darkly-pigmented colonies in the first spore generation. Colonies with the Hyl+ Sot donor auxotrophic genotype (i.e. arg-9, sot-1) were also 'sooty' (Hyl+ Sot) in morphology, but the pigmented colonies of the recipient auxotrophic genotype were of Hyl+ Sot+ morphology. Although nutritional and ' sooty' nuclear markers were recovered as expected, colonies with the Hyl auxotrophic genotype had acquired Hyl+-type dark pigmentation. When the latter colonies were examined for two further generations, they retained the Hylf pigmented character. * For strain phenotypes and genotypes, see Table 1 .
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Recipient cells served as controls; three successfully micro-injected recipients were examined for each strain. Micro-injec t ion in Ver t icillium 38 1 Conidial analysis of heterokaryons between Hyl+ Sot and Hyl Sot auxotrophs gave similar results. All darkly-pigmented colonies with Hyl+ Sot or Hyl Sot auxotrophic genotype were of the 'sooty' pigmented type. Tests between Hyl and Hyl auxotrophs led to the recovery of only parental types of both auxotrophic and morphological characteristics.
Failure to transplant viable donor nuclei with the protoplasmic fluid into the recipient cells could still result in transfer of donor cytoplasm (and therefore also the Hyl factor) even in the absence of prototrophic growth. When the recipients which survived injection but which failed to grow on MM after 7 to 10 d incubation were replaced on CM plates, 74 out of 105 grew. Conidial analysis of these colonies revealed the genotypes of the first generation of spores ( Table 5 ). Only 6 out of 74 surviving strains produced conidia of both donor and recipient genotypes. These included two derived from heterokaryon combination c xfand one from each of the combinations g x j , b x f , g x 1, j x k ; from the rest only recipient auxotroph genotypes were recovered as expected. Most of the colonies from such nonprototrophs involving injection of Hyl auxotrophs into Hyl+ recipients were wild-type or near wild-type in morphology (95.2 to 96.6 %). In comparison with the results from conidial analysis of the corresponding ' natural' heterokaryons (Typas & Heale, 1976 b) , more partially hyaline colonies (3.4 to 4.8 yo) were recovered. Conidial analysis of Hyl recipients injected with Hyl+ cytoplasm resulted mainly in pigmented colonies (wild-type or near wild-type pigmentation, 87.0 to 90.4 yo), but the percentage of partially hyaline variants was higher (8.0 to 11.2 yo) than above and small numbers of completely hyaline colonies were also recovered (1 -6 to 1.9 %). When Hyl Sot+ recipients were injected with Hyl+ Sot cytoplasm all the darkly-pigmented colonies recovered from the conidial analysis were of the Hyl+ Sot+ genotype. Finally, conidial analysis of Hyl recipients injected with Hyl cytoplasm always resulted in the recovery of only hyaline recipient genotypes and phenotypes. Thus, the recovery of Hylf colonies from Hyl recipients which had been injected with Hyl+ or Hyl+ Sot cytoplasm, but not nuclei (as judged by prototrophic growth), again illustrated the extrachromosomal nature of the factor controlling the inheritance of darklypigmented resting structures in these fungi. Table 4 
. Analysis of conidia from the entire surface of 'art@cial' heterokaryons of Verticillium
Conidia were classified according to their phenotypes with respect to darkly-pigmented resting structures, and the results show the percentages in each pigmentation class. At least 400 conidia were tested for each heterokaryon.
Combination
(donor x recipient)*
Donor auxotrophic genotype
Pigmentation class? p Pigmentation classes: I, wild-type pigmentation ; 11, almost wild-type pigmentation; 111, partially hyaline appearance (few dots of pigmentation in the centre of colonies); IV, completely hyaline (no pigment).
a x d d x a c x f f x c g x j j x g a x e b x f b x d g x 1 h x j h x l i x k e x f j x k k x l a x d d x a c x f f x c g x j j x g a x e b x f b x d g x l h x j h x l i x k e x f j x k k x l

Micro-injection of nuclei
In preliminary experiments only 2.5 to 10.0% of the injected cells survived, but with improvements of the technique survival reached 30 to 40%. However, this frequency was much lower than that obtained for protoplasmic injections (80 yo). When spores from colonies formed by the surviving recipient cells were analysed, only recipient parental Micro-injec t ion in Ver ticillium 383 Table 1 .
-f For definitions of pigmentation classes, see Table 4 .
auxotroph genotypes were recovered. Only in two cases were some darkly-pigmented (0.1 % and 0.3 %, respectively) colonies recovered from Hyl recipients injected with nuclei derived from Hyl+ auxotrophic strains; in one other case some hyaline (0.1 %) colonies were recovered from Hylf recipients injected with Hyl nuclei. Because 'artificial ' heterokaryons were not produced using this method, it is concluded that donor nuclei apparently did not survive.
Micro-injection of mitochondrial preparations
The changes in behaviour and morphology brought about by micro-injection of mitochondrial preparations varied greatly. In general, colonies arising from injected recipients had a variable growth form and slow rate of growth. Conidia from micro-injected cultures often formed prostrate hyphae with multiple branches composed of short, thick, septate cells when compared with both 'natural ' and 'artificial' heterokaryons produced by the above methods. The conidiophores were short, thick, and not always typically verticillate. The phialides bore few conidia and yields rarely exceeded 3 x lo4 spores per plate in 5 week-old cultures. After two spore generations, however, sporulation usually reached normal parental levels.
The frequency of survivors amongst recipient cells injected with mitochondrial preparations was lower (40 to 45%) than that obtained from protoplasmic injections (80%). Conidia from colonies arising from successfully injected cells were analysed and the results are shown in Table 6 . When mitochondrial fractions of darkly-pigmented (Hylf Sot+ or Hyl+ Sot) auxotrophic strains were injected into darkly-pigmented (Hylf Sot+ or Hyl+ Sot) recipients, most of the colonies recovered (88 to 89 yo) were darkly-pigmented, but small numbers of partially hyaline (10 to 11 yo) and completely hyaline (0.3 to 4 %) colonies were also observed.
Conidial analysis of spores recovered from cultures of Hyl recipients injected with Hyl+ or Hyl+ Sot mitochondrial fractions resulted in colonies with variable morphology. Most of these colonies were hyaline (78 to 87y0), but all the other types were also recovered, i.e. t For definitions of pigmentation classes, see Table 4 .
partially hyaline colonies (10 to 15 yo), and wild-type and near wild-type (1 to 2 %) colonies. and 83.3% for hyaline, respectively), and so also did those from the next generation of spores. It was only after the third spore generation that colonies regained stable growth rates and levels of pigmentation. The percentage of colonies recovered from Hyl auxotrophic recipients injected with Hyl+ mitochondrial preparations which had at least some darklypigmented resting structures was higher (13.0 to 21.2 yo) than that obtained from injections with nuclear preparations (0-3 to 0.5%). This suggests that one or more factors controlling darkly-pigmented structures were contained in the mitochondrial preparations from the Hyl+ donor cytoplasm.
Results
DISCUSSION
The results indicate that preparations of protoplasm, nuclei and mitochondria can be introduced into living Verticillium cells, although the failure of nuclear transfers needs further study. The injection of a cell-free, compatible protoplasm produced no obvious damage and 80% of the hyphae survived. The analyses of conidial genotypes formed by 'artificial ' heterokaryons showed that viable nuclei could be injected with protoplasmic fluid; 21 % of the injected recipient cells originally classified as containing nuclei of only the recipient cell later yielded a small proportion with donor types. Conidial analyses of ' artificial' heterokaryons arising from reciprocal injection of Hyl+ and Hyl auxotrophic protoplasm into Hyl and Hyl+ complementary auxotrophic recipients, respectively, resulted in recovery frequencies of all biochemical markers that confirmed a nuclear pattern of inheritance as already demonstrated in ' natural ' heterokaryon conidial analyses (Typas & Heale, 1976b) . Most morphological phenotypes recovered from reciprocal injections of protoplasm were more or less darkly-pigmented (92 to 96%) and only a few were partially hyaline (0.1 to 7.0 %) or completely hyaline (0.0 to 1.0 yo) . This confirms the observations on ' natural ' heterokaryons and heterozygous diploid analyses (Typas & Heale, 1978) that a major factor controlling production of darkly-pigmented resting structures in the fungus is cytoplasmic rather than nuclear. The fact that similar results were obtained from reciprocal injections shows that the cytoplasmic factor is found in an active form only in Hyl+ cytoplasm, and is either completely absent or inactive in the Hyl cytoplasm. Further
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evidence came from the analyses of 'artificial' heterokaryons formed by Hyl Sot+ or Hyl recipient cells injected with Hyl+ and Hyl+ Sot protoplasm, respectively. Here the different patterns of inheritance, i.e. cytoplasmic for Hyl and nuclear for Sot, are clearly established. Conidial analyses of injected Hyl recipients with Hyl+ protoplasm, which resulted in the final recovery of only recipient auxotrophic genotypes, indicated the failure of viable nuclear transfer into the host cell. Most recipients treated in this way were therefore heteroplasmons and contained wild-type (Hyl+) a d > mutant (Hyl) homologues of a cytoplasmic determinant. The recovery of 80 to 97 yo darkly-pigmented phenotypes from conidia produced by the heteroplasmons is good evidence for the cytoplasmic nature of the Hyl marker. The few partially hyaline (4 to 16%) and completely hyaline (1.0 to 3.0%) phenotypes, which were also isolated from heteroplasmon analyses, can be attributed to (i) the absence of the cytoplasmic determinant from the portion of cytoplasm injected into the host cell, (ii) failure of the cytoplasmic determinant to migrate into the daughter conidium following a nuclear division, or (iii) some nuclear involvement in the inheritance of the factor (e.g. regulation).
The slower growth rate of ' artificial ' heterokaryons compared with controls (punctured and uninjected or punctured and injected with sucrose) and 'natural' heterokaryons may be due to an imbalance in the initial nuclear proportions in the injected cell, as also shown in Neurospora Wilson, 1963) .
The survival of recipient cells injected with preparations of nuclei was lower (30 to 40%) than that of protoplasmic injections (80%). Such a difference suggests that a substance is being produced by the donor or treated recipient nuclei, or is introduced in the host cells with the nuclear preparation, which results in lethal damage in the injected cell. This substance may operate in a similar manner to the lethal incompatibility in Neurospora (Wilson, 1963) or to that found for incompatible mating types which results in the death of the recipient cell (Garnjobst & Wilson, 1956) . The results of mitochondrial injections are of interest because of their possible role in transmitting the cytoplasmic factor (Hyl) controlling dark resting structures in Verticillium. The higher frequencies (13 to 21 %) at which Hyl+ and partially hyaline colonies were recovered from Hyl auxotrophic recipients injected with Hyl+ mitochondrial preparations compared with that from the corresponding nuclear preparations (0.3 to 0.5 yo) suggests that one or more factors controlling darkly-pigmented resting structures was present in the mitochondrial preparation from the Hyl+ donor cytoplasm. The present evidence does not reveal the exact nature of the cytoplasmic factor concerned with the inheritance of dark resting structures in Verticillium. Nevertheless, there is some indication that this extrachromosomal particle is somehow associated with mitochondria or with mitochondrial preparations, and this possibility is now being investigated.
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